SUMMARY : Electron micrographs of organisms of the pleuropneumonia group are presented, which are consistent with a simple form of development that starts from a small dense body. This grows into a larger particle which may be round, oblong or filamentous in the liquid medium. Later, circumferential concentrations and central thinning occur. Eventually, the concentrations become the dense bodies from which new forms develop. A cell wall was not demonstrable.
As pointed out in a recent review (Klieneberger-Nobel, 1954) , morphological descriptions of the organisms of the pleuropneumonia group vary considerably, and the interpretations of the pictures observed have caused a great deal of controversy. The electron microscope has so far proved to be of little assistance in this field, but the examination by this means of organisms with small filterable forms should offer great advantages over light microscopical methods.
METHODS
The agalactia strain used was isolated from the milk of a diseased goat. The milk had been sent to London from Rome. The goat pleuropneumonia strain was sent from Ankara. The purulent material was taken post mortenz from a bronchiectatic rat which had been operated upon and sent to E. K-N. by Dr Cheng (see Cheng, 1954) .
The organisms were grown either in meat infusion peptone broth or in ' boiled blood broth' (Klieneberger-Nobel, 1954) , to which was added sterile horse serum heated at 56' for 1 hr. At first, the serum was filtered through Seitz pads to sterilize it but the filtrate contained asbestos fibres that appeared in the electron micrographs, and Gradocol membranes were subsequently used for filtration. The cultures were spun for 1 hr. in an angle centrifuge a t 4000 r.p.m. Preliminary dispersion was carried out in a tissue grinder when clumps were visible. Sometimes the suspensions were filtered through a sintered glass filter (G 5 over 3, Schott and Genossen, Jena) before centrifugation. The supernatant was discarded after spinning, and the pellet was suspended in a Tyrode-Ringer solution of the following constitution : sodium chloride, 8-0 g.; potassium chloride, 0.2 g.; calcium chloride, 0.2 g.; glucose, 1.0 g.; sodium phosphate (NaH,PO,), 0.05 g.; sodium bicarbonate, 1.0 g.; glass distilled water, 11. All substances used were of Analar grade. The Tyrode-Ringer solution was sterilized by Gradocol membrane filtration. It was stored in the cold and freshly made up at frequent intervals. This solu-tion proved to be a very good suspending fluid. Titration of such suspensions in serum broth and incubation for a period of 10 days showed that the organisms remained viable in it for several hours; the titre was as high as in a similar set of suspensions in serum broth made directly from the original culture. The organisms dispersed well in the fluid and remained dispersed for a considerable time. Sometimes the suspensions were washed in the TyrodeRinger solution; but it usually sufficed to resuspend the pellet in 3-4 times the original volume of the culture medium to prevent impurities from appearing in the electron micrographs.
Little success attended our efforts to fix and mount the material in a form suitable for electron microscopy until we adopted a special method devised by one of us (Cuckow, 1955) for other work. In this method, the organisms are fixed progressively by diffusion of fixative while the suspending fluid remains otherwise unchanged. After fixation, the salts in the suspending fluid are gradually removed so that the final preparation may be dried leaving fixed organisms free from obscuring salt crystals.
It will be noted that progressive fixation by diffusion of these organisms had already been shown by one of us (E. K-N.) to be the method of choice (' agar fixation technique '), and the present technique combines the advantages of such progressive fixation with minimum disturbance of electrolyte balance.
For this purpose, a 'formvar' membrane was floated on the Tyrode-Ringer solution to which formaldehyde had been added. Small droplets of the appropriately diluted suspensions were placed on the upper surface of the membrane by means of a finely drawn out capillary pipette. After 3 min. fixation by diffusion of the formaldehyde, the membrane was refloated on distilled water for washing by diffusion through the membrane and remained there for at least 30 min. Then the parts of the membrane carrying the droplets were laid on grids, excess fluid was withdrawn and the grids were dried in the air. It later proved sufficient to fix by diffusion of the formaldehyde direct from concentrated aqueous solution instead of from solution in TyrodeRinger medium as suggested above, and all the results shown here have, in fact, been obtained in this rather less refined manner. Washing by diffusion through the membrane has been carried out in all cases.
The specimens were shadowed with gold-palladium alloy at an angle of approximately 30' and the micrographs were taken with a Philips electron microscope with an electron beam of 80 kV.
For comparative morphological studies unfixed suspensions were also examined in the darkground microscope, and fixed and washed membrane preparations were mounted on cover-slips instead of on grids, air-dried and stained in Giemsa solution. Eventually they were dehydrated and mounted in Canada balsam as described by Klieneberger & Smiles (1942) .
DESCRIPTION OF THE ELECTRON MICROGRAPHS
P1. 1, fig. 1 , represents particles from an unfiltered young serum broth culture of the organism of agalactia of sheep and goats (incubation 17 hr.). It contains small, roundish, oval and rod-shaped forms of an even opacity. In some of the bodies a less opaque part is to be seen, which in the round forms appears as a central indentation or depression and in the rod-like and filamentous forms occupies a zone lying centrally and along their minor axes.
The preparations illustrated in P1. 1, figs. 2 and 3, were made from a sintered-glass filtered 4-day old serum broth culture of the organism of agalactia. Most of the elements have a definite depressed or less opaque part in the middle, no matter whether they are round, rod-like or filamentous.
P1. 1, fig. 4 , shows elements of an unfiltered, 4-day old serum broth culture of agalactia. Slightly bigger and more filamentous forms are present. The central less opaque part is fairly large in the bigger elements. Several bodies are to be seen in which the peripheral material appears to be disposed in denser small bodies. Two dense bodies are seen in the rods (one at either end) and three or more in the roundish forms. The appearances strongly suggest that sprouting occurs from these sites.
P1. 2, figs. 5-7, show a very variegated picture of the filamentous growth in a 24 hr. serum broth culture of the goat pleuropneumonia organism, which was not yet visibly turbid. The culture was spun and the small pellet resuspended in the Tyrode-Ringer solution. The differentiation into opaque and relatively transparent zones can be seen everywhere, and the appearances suggest that growth continues from the granular points of concentration. fig. 8 , shows the elements contained in the caseous pus from a lung abscess of a rat affected by bronchiectasis. This widespread lung infection of laboratory rats is caused by an organism of the pleuropneumonia group which was called 'L3' when first described (Klieneberger & Steabben, 1937 , 1940 .
P1. 2,
Although several hundreds of rats were studied, i t was never possible, by light microscopical methods, t o demonstrate the particles of the organism directly in the lesions, though they invariably grew in innumerable small colonies on the medium used. By the electron microscope this gap has now been closed. The pus was ground in a small amount of the Tyrode-Ringer solution, and by fractional centrifugation the pus and tissue cells were eliminated and a very slightly turbid liquid was obtained which contained a large number of elements closely resembling the bodies of agalactia and pleuropneumonia as shown in our illustrations. On the left-hand side of fig. 8 , a round element with filamentous form attached is seen which contains areas of two different opacities. In other micrographs the equally characteristic forms with central area of diminished opacity were found.
DISCUSSION
When the electron micrographs are compared with micrographs produced by light optical methods such as darkground and staining techniques, i t will be seen that all these methods are in very good agreement. However, in the electron micrographs, the organisms are much more distinct and far better differentiated ; moreover, the shadowing technique also gives some indication of their thickness. What appears as a granule in the dark-field and a dot in the stained preparation is a dense opaque body in the electron micrograph and may here be round or oval. The ring form so often mentioned and demonstrated by earlier authors in light microscope studies can be correlated with the slightly larger body with a central less opaque part as seen in the electron micrographs. The so-called granules which are occasionally but rarely seen in the dark-field and which in stained preparations have been shown by Klieneberger & Smiles (1942) to lie within the circumference of the forms, can be correlated with the small dense bodies into which in the electron micrographs the dense peripheral material seems to have contracted. The filamentous forms particularly demonstrated by Turner (1935), Tang, Wei, McWhirter & Edgar (1935) and by Orskov (1942) in the light microscope and recently by Freundt (1952) on the electron microscope show in our electron micrographs as less opaque zones and small dense bodies at their tips. This confirms the view of one of us (E. K-N.) (1954) that they are similar to the round and oval bodies and undergo a similar development; a development that culminates in the formation of the small dense bodies which are the sites of further growth.
From the study of the electron micrographs here presented it is concluded that the development of these organisms is as follows. The initial forms or ' minimal reproductive units ', which are usually round (spheres or disks), or oblong or rod-like, consist of uniformly dense material. Soon a differentiation takes place; zones of concentration are formed at the edges, and the centre portions become more transparent. Eventually, the circumferential concentrations become small dense bodies. A rod-like element usually produces two small dense bodies, one at each end. Other bodies produce two, three or more small dense bodies at the circumference. These small dense bodies grow again into the same round, oval or filamentous elements, which may either remain in connexion with the mother element or be set free. By this process of multiplication and growth, all the various configurations described and depicted in the literature and shown in the present illustrations may arise. Outstanding because of their fine quality are the dark-ground micrographs of the organism of bovine pleuropneumonia published by Turner (1935) which show the circumferential concentrations, granule formation and new outgrowth as well as they can be demonstrated by the dark-ground method. However, as Klieneberger & Smiles (1942) pointed out, Turner's interpretations are highly speculative. It seems unnecessary to invent, as he has done, five different ' genethodes ' to explain the organisms' apparent pleomorphism. The flexibility of the elements, together with their lack of a rigid cell wall, are a sufficient explanation of this property; the formation of small dense bodies in the way here described and their further development in the same culture explains the variegated appearance of the whole growth. This conclusion was drawn by Klieneberger & Smiles (1942) from their micrographs of stained preparations (see their figs. 3-5 and 7), and has been confirmed by electron micrographs, the resolution of which far surpasses that of photomicrographs. 
EXPLANATION OF PLATES
All preparations were shadowed with gold-palladium before photographing. 
PLATE

